An efficient and fast Pd(II)-catalyzed cross-coupling of aryl halides with olefins has been developed. In the presence of Pd(OAc) 2 and PdCI 2 cross-coupling of various aryl halides with olefins underwent smoothly to afford the corresponding products in moderate to high yields under MW mediated neat conditions. Simple coumarins were synthesized in good yields using 2-halophenoles in this procedure. Furthermore no solvent, solid support, expensive or/and toxic ligand is required.
INTRODUCTION
Carbon-carbon bond-forming reactions with aryl halides such as Kumada, Heck, Stille, Suzuki, and Negishi reactions have been recognized as one of the most important synthetic transformations in modern organic chemistry.'" 2 Palladium-catalyzed carbon-carbon bond forming reactions such as the Suzuki-Miyaura cross-coupling of organic halides with organoboron compounds 3 ' 4 have been widely used in the synthesis of building blocks for active pharmaceutical components and natural products, 5 polymers and electronic materials, 6 and catalysts. 7 The traditional Heck reaction is typically performed with a palladium catalyst along with phosphine ligands in the presence of suitable base under an inert atmosphere. 8 " 9 Phosphin ligands are often toxic and sensitive to water and air. Consequently, several ligand-free methods have been developed. 10 " 13 Several methods were reported for the Palladium-catalyzed homocoupling reactions. 14 " 17 Most of these transformations require long reaction times (>20 h), polar solvents (DMSO, DMF, NMP), and elevated temperatures.
The use of microwave irradiation has been employed for a number of organic syntheses to reduce the reaction time, rate enhancement and to increase the selectivity and yields. 18 " 23 MW technology has attained an importance, especially when combined with neat procedures. 24 " 25 In other words, the absence of solvents coupled with the high yields and short reaction times often associated with MW reactions make these procedures very attractive. The objective of this work is to study the Pd(OAc) 2 and PdCl 2 catalyzed cross-coupling of aryl halides with olefins under conventional heating and MW irradiation in different conditions. Herein we wish to report our results.
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General remarks
All reagents were purchased from Merck Company and used without further purification. 'H NMR spectra were obtained in CDC1 3 solution with Bruker Avance AC-400MHz and 13 C NMR spectra at 100 MHz on the aforementioned instruments. Mass spectra were recorded on Shimadzu GCMS-QP-2000A mass spectrometer. All melting points are uncorrected and measured in an open glass-capillaries using Stuart melting point apparatus. Analytical thin-layer chromatography was performed using precoated silica gel 60 F254 plates (Merck, Darmstadt), and the spots were visualized with UV light at 254 nm. Merck silica gel 60 (230-400 mesh) was used for flash column chromatography.
Microwave experiments were conducted in a Milestone MicroSYNTH apparatus.
Heck cross-coupling in ionic liquid
The iodobenzene (1 mmol) and the methylacrylate (1.15 mmol), Pd(ll) catalyst (10 mol%), KHC0 3 (1 mmol) and ionic liquid (2 mL) were mixed in a round-bottom flask (5 cm 3 ). The mixture was heated under air to 140°C for the given reaction time listed in Table 1 . The completion of reaction was monitored by TLC using (EtOAc/petroleum 3:8)
as eluent. After completion of the reaction, the mixture was extracted with ether (10ml><3). The combined ether extracts were concentrated on a rotary evaporator and the crude mixture was purified by flash column chromatography on silica gel to afford methyl (£)-cinnamate 2a.
Heck cross-coupling over solid support under MW irradiation
The iodobenzene (1 mmol) and the methylacrylate (1.15 mmol), Pd(II) catalyst (10 mol%), and KHC0 3 (1 mmol) absorbed on solid support were mixed thoroughly. The mixture was heated under MW irradiating conditions at 140°C
and 200 W for the appropriate reaction time as listed in Table 1 . The product was purified as described above.
Heck cross-coupling under MW mediated neat conditions
A mixture of the appropriate aryl or heteroaryl halide (1 mmol), the appropriate olefin (1.15 mmol), Pd(II) catalyst (10 mol%), and KHC0 3 (1 mmol) were mixed thoroughly in a 10 ml glass microwave vessel. The vessel was capped properly, and thereafter the mixture was heated under MW irradiating conditions at 140°C and 200 W for the appropriate reaction time as listed in Tables 2-3 . The products were purified as described above. 6 , at 140°C the product was prepared in 24h in 62% yield (Table 1) . Elution of the reaction mixture with ether followed by the evaporation of solvent furnished the crude product which was purified by column chromatography. We also have explored the use of microwaves in this procedure. It can be seen from the Table   1 that when the reaction was conducted under microwave irradiation in ionic liquids the reaction times were decreased considerably (entries 7-8). We tried different reaction conditions using different solid supports to carry out this reaction under microwave irradiation and found when the irradiation of reactants was carried out under neat conditions without any solvent and solid support the cross-coupling was carried out smoothly in shorter reaction time and good yield (entries [13] [14] . We also report our studies on comparison of yield of the cross-coupling product when synthesized in the presence of different combinations of the catalysts (Pd(OAc) 2 or PdCl 2 ) and the base KHC0 3 . Evidently, (Pd(OAc) 2 / KHC0 3 , 1/10) was found to be superior in terms of yield (91%) and reaction time (12 min) as compared with other combinations, under MW mediated neat conditions. We examined the procedure in the absence of triphenylphosphine and found that the reaction was carried out smoothly in this condition. With optimal conditions in hand, wide ranges of aryl halides were coupled with olefins by this procedure to produce the corresponding'products (Scheme 2). Interestingly, the cross-coupling reaction was successful for electron-poor as well as for electron-rich aryl halide ( Table 2 ). The results showed that the palladium-catalyzed cross-coupling reaction tolerated a variety of functional groups, and the yields and rates depended upon the substrates. The cross-coupling reaction of aryl and heteroaryl halides was highly regio-and stereoselective and provided only the thermodynamically more stable £-isomer of ß-substituted alkylacrylates where GC-MS and 'H NMR spectra of the crude reaction mixture did not reveal any evidence for α-arylation or the formation of Z-isomers. In addition, we also did not encounter the formation of carboxylic acids in the crude products which would have originated from ester hydrolysis under the basic conditions. All products of C-C coupling were obtained pure and were identical to authentic samples ('H, 13 C NMR spectra).
Selected spectroscopic data (E)-tert
Using the 2-halophenoles in this procedure afforded to related simple coumarins (Scheme 3). A variety of simple coumarins were synthesized in this procedure and the results were shown in Table 3 . As it can be seen from Table 3 , the synthesis of coumarins was successful for electron-poor as well as for electron-rich 2-halophenole.
In summary, we have developed a rapid, mild and efficient protocol for the synthesis of simple coumarins and (£)- 
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